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COMBAT CENTER ORDER 5104. 2

From Commandi ng Genera
To: Di stribution List

Subj: MARINE CORPS Al R GROUND COVBAT CENTER RADI O FREQUENCY ELECTROMAGNETI C FI ELD
PERSONNEL PROTECTI ON PROGRAM

Ref:  (a) MCO 5100. 29
(b) MO 5104. 2
(c) DoDlnst 6055.11
(d) MO 2410. 2A
(e) ML-STD 882B ( NOTAL)

Encl: (1) Definitions
(2) Perm ssible Exposure Limts for Controlled and Uncontrol |l ed Environments,
wi th Application and Measurenment Procedures

1. Pur pose

a. To establish the Marine Corps Air G ound Conbat Center programfor the
protecti on of personnel from exposure to electromagnetic fields (EMF) at radio
frequencies (RF) from3 Kilohertz (KHZ) to 300 G gahertz (GHz), as a conponent of
the Marine Corps Safety Program per reference (a).

b. To inplenent requirements and RF exposure limts per references (b) and (c),
and to supplement reference (d), which established the Marine Corps El ectromagnetic
Envi ronnental Effects E® Control Program

2. Scope. This Order applies to all personnel potentially exposed to RF exceeding
the perm ssible exposure limts (PEL'S) . It applies to peacetinme operations and to
t he maxi mum extent possible during conbat operations and war, to reduce the
potential risks associated with RF exposure.

3. Definitions. Enclosure (1) has definitions for technical ternms and units used
in this Oder.

4. Policy. It is the Conbat Center policy to:

a. ldentify and shield or control by engineering design, protective equipnent,
admi ni strative actions, or a conbination thereof, hazardous RF associated with
Mari ne Corps electronic gear. This policy applies during all phases of equi prent
design, acquisition, installation, operation and mai ntenance.

b. Limt personnel to exposure to levels that are below the PEL' s

c. Define and control areas in which RF exposure to personnel could exceed the
PEL'S, including simltaneous exposure fromnore than one RF enmitter

d. Ensure personnel are aware of the potential RF exposures in their workplaces
and duties, and the control neasures designed to limt their exposures.
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e. Investigate and docunment RF overexposure incidents.
5. Procedures. The Conbat Center RF protection program ensures that operations
i nvol vi ng personnel exposure to RF levels do not exceed the applicable PEL'S. The
program i ncl udes:

a. Permssible Exposure Limts

(1) The PEL's for personnel exposure to RF from3 kHz to 300 GHz are in
encl osure (2), Tables 1 and 2, and are consistent with reference (a)

(2) The basic dose limt for RF exposure is a whol e body specific absorption
rate (SAR) of 0.4 watts per kilogram (wkg) . This dose is ten tinmes |less than the
dose at which potentially harnful biological effects in people take place (4 wkg is
the threshold SAR for potential effects)

(3) Listed PEL's are in: root-means-square (rnms) electric (E) and nmagnetic
(H field strengths, plane-wave equival ent power densities and i nduced body currents
associ ated with exposures to such fields, as a function of frequency, for both
control I ed and uncontrolled environnents.

(a) An area where exposure levels or the induced currents may exceed the
val ues of Table 2, but do not exceed the values of Table 1, is a, "controlled
environnment." Exposures associated with a controlled environnent include:

1 exposures to personnel assigned to duties involving potential RF
exposure and who are aware of that potenti al

2 exposure of other individuals who enter areas where the potentials
for higher levels of RF exist.

3 exposure while noving briefly and occasionally through such areas.

(b) An area where the RF exposure level or the induced current falls
bel ow t he values given in Table 2 is an "uncontrolled environnment." Exposure
associ ated with an uncontroll ed environment includes the exposure of individuals who
have no know edge or control over their own exposures. Uncontrolled environnenta
exposure includes, exposure in living quarters, workplaces or public areas where
there are no expectations of finding higher RF |evels.

(c) The PEL for controlled and uncontrolled environnents in encl osure
(2) are different, not based on health risks, but rather as an attenpt to nmaintain
| ower exposures in areas outside well defined controlled areas.

(d) For partial body exposure, or when SAR or | ow power device
"exclusion rules" apply, relaxed whol e body averaged PELs apply. See enclosure (2).

(e) There are no special or additional exposure restrictions or RF
exposure limts for pregnant personnel or the unborn child.

b. EM- Exposure CGui dance for H gh Power M crowave (HPM and El ectronagnetic
Pul se (EMP) Sinul ators

(1) HPM Systens. Table 3 of enclosure (2), contains PEL's for a single
pul se or series of pulses lasting I ess than 10 seconds from a HPM narrow band system
in controlled environments. Table 2, has the uncontrolled environment PEL

(2) EMP Sinulator Systens. The PEL for broad band EMP sinulators in a
controlled environment is in Table 3. Table 2, has the uncontroll ed environnent
PEL.
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c. RF Warning Signs

(1) The RF hazard warning sign format contained in ANSI C95.2-1982 will be
adhered to. Authorized variations include: subdued signs for canouflage or tactica
reasons, or change to inproved visibility under certain lighting conditions,
provi ded the general |ayout of the sign remains the sane.

(2) Al access points where exposure exceeds the controlled environnenta
PEL's requires RF warning signs.

(3) Accessible areas where exposures could exceed controlled environnenta
PEL's by 10 tinmes, require additional warning devices such as: flashing lights,
audi bl e signals, barriers, or interlocks, depending on the potential risk of
exposure.

d. Protective dothing. The sole neans of protecting personnel should not be
routi ne use of RF protective clothing. Authorized protective equi pnent necessary
for conpliance with induced current limts of enclosure (2), include: electrically
i nsul ated gl oves and shoes for protection agai nst RF shock and burn or for
i nsulation fromthe ground pl ane.

e. | nvestigation of Incidents

(1) Al incidents involving actual or possible RF overexposure shall be
i nvestigated and docunented. The supervisor shall obtain docunentation describing
t he circunstances surroundi ng the exposure incident, statenents from personne
i nvol ved in that incident, technical characteristics of the el ectronic equi pment
i nvol ved and recomendati ons to prevent simlar occurrences. Assistance can be
obt ai ned fromthe Conbat Center Radi ol ogical Safety O ficer in conducting the
i nvestigation. The supervisor shall forward a conplete report of the incident to
t he Bureau of Medicine and Surgery, Code 212, Washi ngton, DC 20372 with copy to CMC
(SD), HQ USMC, Washi ngton, DC 20380-1775 and an additional copy to the Center Safety
Ofice. In determning the actual ampunt of RF absorbed by an individual, the Naval
Hospital Industrial Hygienist will coordinate and nonitor the nedical proceedings.

(2) For personnel exposures at, or above, five tines the adjusted PEL's of
Table 1, the follow ng additional requirenments are necessary:

(a) RF neasurenents for docunentation of the suspected RF exposure.
(b) Medical exam nation and recommendati ons for nedical follow up

(c) The Bureau of Medicine and Surgery, Code 212, mmintains a repository
file of all investigations of exposure incidents in which personnel, within the
Mari ne Corps, were exposed to RF levels nore than five tines the adjusted PEL'S.

f. RE Safety Training. The supervisor shall ensure that all personnel who are
enpl oyed in an RF environnent receive training before assignment to such work areas.
Required refresher training nmay be incorporated into other periodic safety training
prograns. Either the supervisor or his authorized representative may conduct the
training. Assistance in conducting this training my be obtained fromthe Center
Safety Ofice. Training requirenments include:

(1) The potential hazards of RF

(2) Identification of all emtters, antennae or radiating surfaces which
coul d possibly expose personnel to high |evels of RF energy.

(3) Established procedures and restrictions.
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(4) Personal responsibility to limt RF exposures.
(5) Recognition of RF over exposure nedical synptons.
. Measurenent and Evaluation of RF Fields. The Conbat Center will evaluate RF
hazards using the neasurenent procedures and techni ques recommended in | EEE

C95. 3-1991, as a basic guidance. This requirenent does not preclude using other RF
measuri ng and eval uati on net hodol ogi es.

(1) Records of surveys, reports, calculations, and control neasures inposed
shal |l be maintained for each fielded RF emtter which is capable of exceeding the
PEL' 5

(2) Where collated in fixed arrangenents, such as conmuni cation sites,
multiple emtters' RF evaluation data should include a determ nation of the weighted
contribution from expected sinmultaneously operated emtters to ensure that the
effective RF exposure |evels are bel ow the PEL
6. Actions

a. Unit Commanding Oficers shall:

(1) Ensure delineation and posting of RF controlled environnents as defined
inthis Oder with the RF hazard warni ng signs.

(2) Ensure no exposures of personnel to RF levels nore than the applicable
PEL's of Table 1 during operational use, training or maintenance of RF emtting
equi prrent .

(3) Ensure investigation and docunentation of personnel exposure incidents
i nvol ving al |l eged or actual overexposures to RF, as detailed in above.

(4) Notify CMC (SD) whenever issues may arise in local civilian communities
regardi ng exposure of individuals to RF from Mari ne Corps operations.

J. D. MAJCHRZAK
Chi ef of Staff

DI STRIBUTI O\ A-1
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DEFI NI TI ONS

1. Average Tine (Tw). The tine period over which exposure is averaged for
determ ni ng conpliance with a PEL val ue.

2. Controlled Environnent. Locations where RF exposures may exceed the |levels
given in table 2, but do not exceed the levels in table 1, of enclosure (2).
Ceneral ly, controlled environnments represent areas that may be occupi ed by personnel
who accept potential exposure as a part of their duties, by individuals who

knowi ngly enter areas where such levels are to be expected, and by personnel passing
t hrough such areas. Existing physical arrangenments or areas, such as fences,
perimeters, or weather deck(s) of a ship may be used to establish controlled

envi ronnents.

3. Electric Field. A fundanental conponent of el ectromagnetic (EM waves, which
exi sts when there is a voltage difference between two points in space.

4. Electric Field strength (E) . The magnitude of the electric field expressed in
volts per neter (V/rn)

5. Exposure, Partial Body. Partial body exposure is the result of EMF affecting
different masses within the body in unlike amounts. Fields that are nonuni form over
masses conparable to the human body occur due to highly directional sources,
reradi ati ng sources, standing waves, or when in the antenna's near-field region

6. Far Field Region The regi on far enough from an antenna that the power per unit
area decreases with the square of the range. 1In the far-field region, the field has
a predoni nately planewave character; i.e., uniformdistributions of electric and
magnetic fields in planes transverse to the direction of propagation

7. Fluence. The energy density of the EMF when integrated over the duration of the
exposure, usually expressed in units of joules per square centinmeter (J/cn®)

8. Hertz (Hz). The unit of expressing frequency. One hertz equals one cycle per
second. Conmmonly used multiples are kilo (1000) hertz (kHz), mega (1,000, 000) hertz
(MHz), and giga (1,000,000,000) hertz (GHz)

9. Human Resonance Range The frequency regi on where absorption of RF energy in
the body is enhanced. For sizes ranging froma baby to an adult, peak absorption
varies depending on the individuals size relative to the wavel ength and orientation
relative to the polarization of the wave. The PEL's have been established to cover
the range in human sizes, shapes and positions.

10. Magnetic Field. A fundanmental conmponent of EM waves produced by a novi ng
el ectric charge.

11. Magnetic Field Strength (H . The strength of the magnetic field expressed in
anps per neter (A/rn)

12. Mathermatical Expressions. Standard notations are used in the text and the

tabl es to show operations, such as, a/b to nean b divides a, ab or a(b) or (a) (b)
to nean a multiplies b, ab to beama raised to the b power, and the synbol < to mean
| ess than

13. Near Field Region. A region generally in close proxinmty to an antenna or
other radiating structure in which the electric and magnetic fields do not exhibit a
pl ane-wave rel ati onship, and the power does not decrease with the square of distance
fromthe source but varies considerably frompoint to point. The near field region
ENCLOSURE (1)
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is further subdivided into the reactive near field, which is closest to the

radi ating structure and contains nost or nearly all of the stored energy, and the
radi ating near field, where the radiating field predom nates over the reactive field
but |acks substantial plane wave character and is conplicated in structure. For
nost antennas, the outer boundary of the reactive near field region is considered to
occur at a distance of one half wavel ength fromthe antenna surface.

14. Perm ssible Exposure Limt (PEL) . The PEL is established for the protection
of personnel. There are no expectations that any adverse health effects will occur
wi th exposures that are within the PEL, even under repeated or |ong-term exposure
conditions. In controlled environnments, where restrictions on access may be

inplied, the PEL is based on maintaining exposures below a SAR of 0.4 Wkg.. A SAR
of 0.4 Wkg is 10 tinmes below the level (4 Wkg) considered a threshold, above which
there is an increasing probability of adverse biological effects, and bel ow which
there is no evidence of any harmto health. Public areas, where access is not
restricted, maintain |lower levels (equivalent to a SAR of 0.08 Wkg) . Since SARis
not an easily nmeasured quantity, PEL's are given in terns of neasurable field
paranmeters E, H or S as a neans of denonstrating conpliance with SAR

15. Plane Wave. An EM wave characterized by mutually orthogonal electric and
magnetic fields that are related by the inpedance of free space (377 ohns) . For
pl ane waves, S, E, and H exhibit the follow ng rel ationship: S E2/3770 = 37.7 H
where Sis in units of mMNcn?, Eis in V/rnand His in Arn.

16. Power Density (S). Radiated power per unit area, expressed in units of watts
per square nmeter (Wn#¥) or milliwatts or mcrowatts per square centinmeter (mWNcnt or
uWan?t). The term plane wave equi val ent power density, refers to the nagnitude of
S that would exist for an EMwave in free space having the sanme E or H fields.

17. Radio Frequency (RF) . The RF region is defined as extending from3 kHz to 300
Gz.

18. Reradiated Field. EM resulting fromcurrents induced in a secondary,

predonm nantly conducting object, by EM waves incident on that object fromone or
nore primary radiating structures or antennas. Reradiated fields are sonetines
called reflected or scattered fields. The scattering object is sonmetines called a
reradiator, or a secondary or parasitic radiator

19. RF Hot Shot. A highly localized area of relatively intense RF that nmanifests
itself as.

a. Intense electric or magnetic fields innmedi ately adjacent to conductive
objects imersed in lower intensity anbient fields, or

b. Localized areas where there exists a concentration of RF fields caused by
refl ections or narrow beans produced by high gain radiating antennas or other highly
directional sources.

c. For both descriptions, the fields are characterized by very rapid changes in
field strength. RF hot spots are normally associated with very nonuniform exposure
of the body (partial body exposure). The term RF hot spots should not be confused
with an actual thermal hot spot in an absorbi ng body.

20. Root Mean Square (rms). The effective value;or the heating value, of a
periodic EMwave. The rnms value for E or Hfields is obtained by taking the square
root of the nmean of the squared values for E or H over an area equivalent to the
vertical cross section of the human body (projected area).

ENCLOSURE ( 1)
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21. Specific Absorption Rate (SAR). The time rate at which RF energy is inparted
to an el enent of biol ogical body mass. Average SAR in a body is the time rate of the
total energy absorbed divided by the total nmass of the body. SAR is expressed in
units of watts per kilogram (Wkg) . Specific absorption (SA) refers to the anount
of energy absorbed over an exposure tine period and is expressed in units of joules
per kil ogram (J/kg).

22. Uncontrolled Environnents. Locations where RF exposures do not exceed the
PEL's in table 2 of enclosure (3). Such |locations generally represent |iving
quarters, workplaces, or public access areas where personnel would not expect to
encounter higher |levels of RF energy.

ENCLOSURE ( 1)
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PERM SSI BLE EXPOSURE LIM TS FOR CONTROLLED AND UNCONTROLLED
ENVI RONMVENTS, APPLI CATI ON AND MEASUREMENT PROCEDURES

Table 1. Perm ssible Exposure Limts for Controlled Environnents

1. Radiofrequency El ectromagnetic Field
Frequency Range El ectric Field Magnetic Field Power Density Averagi ng Time

(f) in Mz (E) inv/irn (H in Arn (S)in mNcn? (Tag) E,H, 5
E then H
0.003-0.1 614 163 (102, 109) 6
0.1-3.0 614 16. 3/ f 1022, 10412 6
3-30 1842/ f 16. 3/ f (900/f2, 104f12) 6
30- 100 61.4 16. 3/ f (1.0, i04/fz26
100- 300 61.4 0. 16 1 6
300- 3000 f/300 6
3000- 15000 10 6
15000- 300000 10 61 6000/ f 1.2

2. RF Induced Current Restrictions

Frequency Range Maxi mum Cur r ent Maxi mum Cur r ent Cont act Current

(f) MHz Thr ough Both Feet (mA) Through Each Foot (my)

(M)
0.003-0.1 2000f | OOCF | OOCF
0.1-100 200 100 100
3. Pulsed RF Fields
Frequency Range Peak Electric Field (E) kW m Peak Power Density/Pul se For
(f) MHz Pul se Duration <l 00 nsec
(M cnt)

0. 1- 300000 100 [ 00(PEL) (Tas)/(5) (pul se width)

4. Partial -Body Exposure

Frequency Range (f) Mz Peak Val ue of Mean Squared Equi val ent Power Density

Field (V& mtor A ng (MmN cn®)
0. 1-300 <20E2 or 20H¢
300- 6000 <20
6000- 96000 <20(f/6000)0-25
96000- 300000 40

Table 2. Pernissible Exposure Limts for Uncontroll ed Environnents

1. Radiofrequency El ectronmagnetic Fi el ds

Frequency Range Electric Field Magnetic Field Power Density Aver agi ng Tinme

(f) in MHz (BE) inVIm (H in Am (S)in mMVcnt (Tao) (E, S) (H)
E then H
0.003-0.1 614 163 (102, 109) 6 6
0.1-1.34 614 16. 3/ f (102, 104 f2) 6 6
1.34-3.0 823.8/f 16. 3/ f (180/f2 104 f2) f2/.3 6
3-30 823.8/f 16. 3/ f (180/f2 104 f2) 30 6
30- 100 27.5 158. 3/ f 1.668 (0.2, 9.4x10%/f3336) 30 .0636/f 1337

ENCLOSURE ( 2)



100- 300 27.5
300- 3000

3000- 15000

15000- 300000

2. RF Induced Current Restrictions

Frequency Range Maxi mum Cur r ent

. 0729 0.2

f/ 1500
£/1500

Maxi mum Cur r ent
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30 30
30
9000/ f
616000/ f &2

Cont act Current

(f)in MHz Thr ough Bot h Feet (mA) Thr ough Each Foot (nA) (my)
0.003-0.1 900f 450f 450f
.1-100 90 45 45

3. Pulsed RF Fields

Frequency Range (f) Mz

Peak Electric Field (E)kV/m

Peak Power

Density/ Pul se for

Pul se Dur ati on<l OOnsec

(MW cni?)

0. 1- 300000 100

4. Partial Body Exposures

Frequency Range (f) Mz

Peak Val ue of Mean Squared

(PEL) (Tws)/ (5) (Pul se W dt h)

Field (V& mtor A ng

Equi val ent

Power Density
(MN c)

0. 1- 300

300- 6000
6000- 30000
30000- 300000

Table 3. Permissible Exposure Linmts for

<20E2 or

20H

4

f/ 1500

20

Hi gh Power M crowave Devi ces and

El ect ronagneti c- Pul se Devi ces

1. High Power M crowave (Narrow Band) Systens

Frequency Range Peak Electric Field

Maxi mum Fl uence Level in Controlled Environments for any

(f) in M (E) in kVim Single Pulse or Series of Miltiple Pulses Lasting <l0sec
within any 6 min period in J/cn?
100- 300 200 0. 36
300- 3000 200 3.6 (f/3000)
>3000 200 3.6

2. Electromagnetic-Pul se (Broad-Band) Systens

Frequency Range(f)in MHZ

Peak Electric Field(E)in Controlled Environments(kV/ nm

0. 1- 300000

100

Application and Measurenent Notes

a. The Institute of Electrical and El ectroni c Engi neers (I EEE),
gui dance on neasuring procedures and techni ques for

foll ow ng standards:

(1) L EEE ©95.1-1991.

Frequency El ectromagnetic Fields, 3 kHz to 30.0 GHz.

provi des
RF hazard evaluations in the

Safety Levels with Respect to Human Exposure to Radio

ENCLOSURE ( 2)
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(2) IEEE ©95.3-1991. Recommended Practice for the Measurenent of
Potentially Hazardous El ectromagnetic Fields - RF and M crowave.

(3) The guidance in these standards or that below, is not intended to
precl ude use of other appropriate RF hazard neasuring and eval uati on net hodol ogi es.

b. Tables 1 and 2

(1) The PEL's refer to tine averaged exposure val ues obtained by spati al
averaging of S or the nean squared H and H val ues over an area equivalent to the
vertical cross section of the human body (projected area). In nonuniformfields,
spati al peak values may exceed the PEL's even though the spatially averaged val ue
does not exceed the PEL'S. Spatial peak values are linmted by the partial body
PEL's given in sections a. of Tables 1 and 2.

(2) For exposures at frequencies |less than 300 MHz, the applicable PEL is
given in terns of rms E or H values. Al though not technically correct under near
field conditions, PEL's also may be expressed in terns of plane wave equival ent
val ues as shown by the S values in parentheses for the E and H fields, respectively,
at frequencies less than 100 MHz.

(3) PEL's in section 1. of Table 1 refer to val ues averaged over any sSiXx
m nute period for frequencies less than 15 GHz, and over shorter periods for high
frequencies (10 seconds at 300 GHz) . The PEL's in section 1. of Table 2 refer to
val ues generally averaged over any six or thirty mnute period for frequencies |ess
than 3 GHz. For certain frequency intervals, the averaging period will vary as a
function of frequency as shown in sections of Tables 1 and 2.

(4) For exposure duration less than the averagi ng period, the nmaxi mum
perm ssi bl e exposure level, PEL', in any time interval equal to the averagi ng period
is, PEL' = PEL (Tavg/ Texp), where Texp is the exposure duration in that interval
expressed in the sane tinme units as Tavg.

(5) Measurements to determ ne adherence to the PEL shoul d be nade at
di stances of at least 20 centineters (am or greater fromany reradiating objects of
reflective surfaces.

(6) The PEL val ues may be relaxed in the case of partial body exposure, or
by reference to the SAR exclusion rules, or the | ow power device exclusion rules, as
fol | ows:

(a) Partial Body Exposure. Relaxation of the PEL's of sections 1. of
Tables 1 and 2 are allowed for exposures linmted to a portion of the body, when
exposure is fromhighly directional sources or fromsubstantially nonuniformfields
over an area equivalent to the body. Maxi mum values for partial body exposure
l[imts are in sections 4. of Tables 1 and 2. Partial body limts do not apply in
the case of direct exposure to the eyes.

(b) SAR Exclusion Rule The PEL's in sections a. of Tables 1 and 2 may
rel axed by reference to SARIlimts through cal cul ations or neasurenments as foll ows:

1 Controlled Environnent Excl usion

a At frequencies between 3 kHz and 100 kHz, the PEL can be
exceeded, if it can be shown that the peak rnms current density, as averaged over any
1 CM area of tissue and over one second, does not exceed 0.035(f)mA cntwhere f is
in kHz.

ENCLOSURE ( 2)



CCO 5104. 2
27 Mar 96

b At frequenci es between 100 kHz and 6 GHz, the PEL may be
exceeded i f the exposure conditions can be shown to produce SAR s bel ow 0.4 Wkg as
averaged over the whole body, and spatial peak SAR val ues not exceeding 8 Wkg as
averaged over any one gram of tissue; except for the hands, wist, feet and ankles
where the spatial peak SAR shall not exceed 20 Wkg as averaged over any 10 gramns of
tissue, and the inducted body currents conformwi th the values in section 2. of
Tabl e 1.

c At frequenci es above 6 GHz, where body absorption is
guasi - opti cal and body resonance considerations do not apply, the PEL's may be
rel axed using the tine-average limts for partial body exposures given in section 4.
of table 1.

2 Uncontroll ed Environnent Excl usion

a At frequencies between 3 kHz and 100 kHz, the PEL can be
exceeded, if it can be shown that the peak rnms current density, as averaged over any
1 ant area of tissue and over one second, does not exceed 0.0157(f)rnA/ ant where f is
in kHz.

b At frequencies between 100 kHz and 6 GHZ, the PEL may be
exceeded if the exposure conditions can be shown to produce SAR s bel ow 0. 08 Wkg as
averaged over the whole body, and spatial peak SAR val ues not exceeding 1.6 Wkg as
averaged over any one gram of tissue; except for the hands, wist, feet and ankles
where the spatial peak SAR shall not exceed 4 Wkg as averaged over any 10 grans of
tissue, and the inducted body currents conformwi th the values in section 2. of
Tabl e 2.

c At frequenci es above 6 GHz; where body absorption is
guasi - opti cal and body resonance considerations do not apply, the PEL's may be
rel axed using the tine-average limts for partial body exposures given in section 4.
of Table 2.

(a) Low Power Device Exclusion. At frequencies between 100 kHz and 1.5
GHz, the PEL's of Tables 1 and 2 may be exceeded under the foll owi ng conditions for
devices in which the radiating structure is not maintained within 2.5 cmof the
body:

1 Controlled environnent | ow power device exclusion pertains to
devices that emt RF energy under the control of an aware user. That exclusion
addr esses exposure of the user.

a At frequenci es between 100 kHz and 450 MHz, the PEL may be
exceeded if the radiated power is 7 watts, or |ess.

b At frequenci es between 450 and 1500 Mz, the PEL may be exceeded
if the radiated power is (7) (450/f) watts, or less, where f is in Miz.

2 Uncontrolled environnent | ow power device exclusion pertains to
devices that emit RF energy wthout control or know edge of the user

a At frequenci es between 100 kHz and 450 MHz, the PEL may be
exceeded if the radiated power is 1.4 watts, or |ess.

b At frequenci es between 450 and 1500 Mz, the PEL may be exceeded
if the radiated power is (1.4) (450/f) watts or less, where f is in Miz.

ENCLOSURE ( 2)
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(7) In applying the PEL's listed in Tables 1 and 2 for different situations,
such as characterizations of the EMF S, determ ning the PEL safe distances or
assessnment of personnel exposures, different measurenment considerations nmay be
applied as foll ows:

(a) RE Field Characterization. For reactive near field conditions,
generally both the E and H fields nust be determ ned for frequencies |ess than 300
MHz. For frequencies equal to or less than 30 MHz, that can only be acconplished by
measur enent of both field strengths. The need to nmeasure both E and H fields bel ow
300 MHz derives froma consideration of the spatial variation in E and H field
strengths in the reactive near field of any antenna. PEL boundary | ocations are to
be established by determ ning the farthest distance fromthe radiating source that a
PEL val ue can be exceeded using appropriate neasurenent techniques for the
condi ti ons of neasurenents.

(b) Assessnent of Personnel Exposure. In determ ning whether a person
has received exposure in excess of the PEL, exposure averaging tines and whol e body
spatial averaging are inportant factors in making the assessnent. |In other cases,

determ nation of the vertical E field conponent rather than the total E field is
appropriate in determ ning whether an individual received a high exposure in terns
of whol e body averaged SAR S. For |ow power devices, such as hand hel d, nobile and
marine transmtters, the | ow power exclusion criteria can be used in assessing
exposure conditions. Even though those | ow power devices may have |ocalized fields
t hat exceed the PEL field values, the actual whole body or spatial peak SAR s will
not be exceeded.

(8) For mxed or broad band fields at a nunber of frequencies for which
there are different values of the PEL, the fraction of the PEL in terns of E2, Hg,
or Sincurred within each frequency interval should be determ ned and the sum of al
such fractions should not exceed unity. A detailed exanple for that type of
calculation is in Appendi x C of | EEE C95. 1-1991.

c. Section 2., Tables 1 and 2

(1) Guidance is provided for limting the RF i nduced currents (averaged over
any ONE second) in the human body for free standing conditions (no skin contact with
metal lic objects); and under conditions of grasping contact with netallic bodies to
[imt the maxi mum RF current through an inpedance equivalent to that of the human
body

(2) Adherence to the controlled environnent induced body current limts wll
prevent |ocalized SAR in the ankles or wists fromexceeding 20 Wkg. For
uncontrol | ed environnents, where individuals would not be aware of the existence of
RF currents, the values are set at levels that will not be normally perceptible to
i ndividuals. In general, between 3 kHz and 100 kHz, the perception threshold is
related to a tingling or prickling sensation; while between 100 kHz and 100 MHz, the
perception threshold is related to a sensation of heat or warnth. Under sone
condi tions, touching conductive objects that are in the vicinity of a radiating RF
antenna could result in a flow of RF current of sufficient nagnitude to be painful
or that may produce a burn at the point of contact.

(3) Evaluation of induced RF currents will generally require a neasurenent
to determine the RF current flowing to ground through the feet of the individual, or
the RF current flow ng through the hand in contact with a conductive surface.
Currents may al so be neasured by use of instrunentation which can simnmulate the
el ectrical characteristics of the human body at the frequency of the current to
assess the expected current that would flow if a person were to cone into contact
wi th a conductive object.
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(4) Under various exposure conditions, application of the field strength
l[imts in section a. of tables 1. and 2., in conjunction with the induced current
[imts in section b., may not be neasurable. Mny variables, such as, near field
exposure conditions, physical contact with or close proximty to nearby conductive
surfaces, RF absorption enhancenent under resonance frequency-conditions, inherent
di fferences in human body sizes, will affect the nmeasured induced currents.

(a) While section a. specifies maxi mumtine-averaged exposure field
strengths, it is recomended that in those cases where RF shock and burn conditions
exi st, action be taken to prevent occurrence, either by reducing the induced
currents or by restricting area access.

(b) I'n controlled environnents, nmeasures can be taken to reduce the
probability of hazardous conditions. Such nmeasures may include: protective gloves,
awar eness prograns so that individuals are alerted to the possible presence of
i nduced currents between the human body and conductive objects, and work practices
whi ch | essen the probability of receiving unexpected shocks or burns.

(c) Short or nonentary exposure in which induced body currents exceed
the I evels of section b., such as may occur while noving through or in an area near
an antenna, can be permtted when conditions are not likely to cause an individua
to encounter RF shock or burns frominadvertent contact with conductive surfaces.

d. Section a., Tables 1. and 2

(1) Peak power exposure limtations are provided for pul sed conditions where
each pulse is less than 100 nmilliseconds (nsea) and there are no nore than five
pul ses in the time averaging period. Those limts are given to prevent
uni ntentional Iy high exposure and to preclude high SA for decreasingly short widths
of pulses. |If there are nore than five pulses during any tinme period equal to the
averaging tine, or if the pulse duration is greater than 100 nsea, the time averaged
S shoul d not exceed the PELs given in section a. of tables 1. and 2.

(2) For exposure to RF pulses in the frequency range of 0.1 to 300,000 Mz,
exposure is limted by either a peak (tenporal) E field of 100 kV/mfor each pul se
or interns of a peak S value for each single pul se, whichever is nore limting. A
maxi mum exposure to five such pulses, with a pulse repetition rate of at |east 100
msea, is permtted during any period equal to the averaging tine. For |ow
frequenci es and short pul ses, 100 kVVmwi Il be the nore conservative limt. For
hi gh frequencies and | onger pul ses, peak S will be nore conservative.

(3) The limtation on RF fields under pul sed conditions, (less than 100
msec), neans that the PEL as averaged over any 100 nsec is reduced by a factor of
five, and a maxi num of five such pulses are permtted during any period equal to the
averaging tine. For exanple, in the mcrowave region for exposure to a single
pul se, the SA over any six mnute periodis |limted to 28.8 J/ kg per pulse (spatial
average) with a maxi num of five such pulses (i.e., (5) (28.8 J/kg) = 144 J/kg),
which is equivalent to a SAR of 0.4 Wkg over a six mnute period).

e. Section d. Tables 1. and 2

(1) Inplicit in the PEL definition of a whole body averaged SAR of 0.4 Wkg
for a controlled environnent and 0.08 Wkg for an uncontrolled environment, is the
assunption that spatial peak SARs may occur that exceed the whol e body averaged
val ues by a factor of nore than 20 tinmes. The values provided in section d. of
tables 1. and 2. allow for equating substantially nonuniformfield exposure or
partial body exposure to an equivalent uniformfield exposure.
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(2) For exposure of parts of the body, the spatially averaged PELs given in
section a. may be rel axed provided the peak value of the mean square field strength
does not exceed 20 tinmes the square of the allowed spatially averaged val ues at
frequenci es bel ow 300 MHz, or the equivalent S levels do not exceed the |evels shown
in section d. as averaged over the Tavg periods given for frequenci es above 300 MHz.

(3) The rules above for relaxation of the limts for partial body exposure
do not apply for direct exposure of the eyes, but the SAR exclusion rules can stil
be used to show conformance to the PEL despite | ocalized S val ues above the
speci fi ed whol e body average. |In such cases, exposures to the eyes are linmted by
t he basic exposure criteria of a whol e-body averaged SAR of 0.4 Wkg (controll ed
environnent) or 0.08 Wkg (uncontrolled environment), and spatial peak SARs of 8
WKkg (controlled environnent) or 1.6 WKkg (uncontroll ed environnent) as averaged
over any one gram of tissue.

f. Table 3

(1) The exposure gui dance given is based on HPM narrow band systens
operating within the follow ng paraneters: nmaxi mum pul se width of 10 m croseconds,
peak S of 0.1 to 10 kW an?, frequency greater than 100 MHz, repetition rate not
greater than 10 pul ses per second.

(2) The exposure guidance is specific for HPM narrow band systens and does
not apply to exposure from EMP broad band sinulator systens. |If the HPM systemis
not within those paraneters, then PELs in table 1. apply.

(3) For personnel exposure to HPMin a controlled environnent, the neasured
fluence is not to exceed the values given in section a. of table 3., for any single
pul se or series of multiple pulses lasting |less than 10 seconds. The total fluence
delivered over any six mnute period shall not exceed the values in section a. of
table 3. In all cases, the instantaneous H field shall not exceed 200 kV/ m

(4) If the exposure values given in section a. of table 3. cannot be net,
then the total measure SA to the head shall not exceed 150 J/ kg for any single pul se
or 150 J/kg for multiple pulses in any six mnute period.

g. Table 4. Measurenents of EMF from broad-band EMP sinul ator systens require
speci al instrunentation and techni ques because of the inherent rapid rise tine and
the high field strengths associated with EMP. Refer to the technical office of the
DoD Components for measurenent and eval uati on assi st ance.
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